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.

A review ** of the literature on the acute and chronic effects of tritium at

tile human, animal, tissue, cellular, and sub-cellular levels is now beginning

to reveal a fairly consistent pattern. It is now possible to assign ranges to

the effectiveness of various tritiated compounds, HT or T2 gas, and tritiated

DNA precursors, relative to HT0 in producing the various biological endpoints

investigated. A tentative selection of "radiotoxicities," relative to HTO has
_

been made as follows: 1 for non-DNA precursors other than tritium gas,10 for

tritiat d organic compounds that are precursors to nucleotides that can be
_

incorporated into DNA, and 1,000 for tritium gas assured to be free of HT0 or

T 0. With this conservative selection (on the safe side) of relative radio-
2

oxicity, and experience (summarized in this paper) with the actual human intakes

of tritium from various types of processes, suggested criteria are proposed for

judging the need for bioassay monitoring of personnel. (These suggested criteria

are taken from draft material under preparation by the author, are presented

for purposes of discussion,* and do not represent official guidance of either

* Presented at the 22nd Annual Conference on Bioassay, Environmental, and Analytical
Chemistry, Phila. , Pa., Oct. 6,1976 (program.available from S. M. Kim, Radiation
Ma'nagement Corp., 3508 Market St., Phila., Pa. 19104).

** Unpublished document of author, July,1976.
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the Nuclear Regulatory Commission, nor the position of the professional groups

presently engaged in developing tritium bioassay guidance.b'7)) .

.

Conclusions

1. In order to obtain more precise ordering of relative radiotoxicities, data

are needed on: the intake of various organic compounds of. tritium after

, inhalation, ingestion, and injection by animals and man; fractional con-

centrations and turnover rates in organs, tissues, and sub-cellular

components; the b'ological effectiveness of such exposures compared to HT0
,

exposures of the same activity; and relative doses in rads averaged over

specified regions of interest. Too often, literature infonnation on dosage

or relative biological effect is ambiguous in regard to the specific regions

over which dosage is calculated; or for sub-cellular components, whether

dose is averaged over all cells of a type or only those that have absorbed

tritium and have been exposed to some degree of damage by beta radiation.

An attempt should be made to provide a set of controls exposed to HTO, and a

! set exposed to lig under the same experimental conditions, for all experi-
! ments on toxicology of tritium compounds.+

2. Despite uncertainties in toxicologic experiments, relative radiotoxicities

(to HTO) of 1000-I:1 ' r HT or T , and 10:1 for tritiated nucleotide precursors,
j

-

-
-

2
-

appear from the literature to be safe assumptions for purposes of planning

i. tritium bioassay programs.
'
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3. Fractional amounts of tritium in various processes that have been taken
_

. _

into workers are less than 10-5 (average) under the poorest routine
.

working conditions, and are usually less than 10-6 A single incident.

- _. ,_., - _-

has been recorded in an academic institution where a small spill resulted

in an almost 10-2, intake of the mat ial spilled, but the annual average --

_ A <A.<Y '
~

exposures of employees in this academic institution resulted in an average
,

-6intake of less than 10 of the material in processes or experiments. These

orders of magnitude of intake are similar to the limits on fractionaLip.take,
f f,/G)

from accidents, as reported by Franke, Hermann, and Hunzinger More-

data on probabilities, or fractions, of intake are needed for a firmer
--

.

assessment of exposure potential in working with all types of tritium

compounds in various types of procetses.

4. The proposed activity levels in p:ocess (Table 2) above which bioassay for

tritium is rehired are sufficiently low that (with bi-weekly or monthly

sampling) dose commitments exceeding 300 mrem per quarter (averaged over

body water) are not likely to go undetected. Also, these criteria would not
ists

~~~~

generally be considered unduly burdensome by most health physicy experienced
, n

jn tritium monitoring.

.
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DERIVATION OF CRITERIA FOR DETERMINING THE NEED FOR'A TRITIUM BI0 ASSAY PROGRAM

Introduction

The need for tritium bionssay of employees depends in general on many

interrelated factors such as the nature and amount of tritium in process at

any time, the types of processing, the extent of other safeguards or facilities

provided to prevent occupational exposures, and the probabilities that significant

quantities of tritium may be inhaled or ingested with the particular materials,

procedures, and facilities involved.( } Thus, the choice of an optimum combination

of safeguards, including bioassay, is a complex problem and should be carried out

by the laboratory supervisor in consultation with a professional health physicist

experienced in tritium operations. However, experience ( -5) with the processing

and use of tritium in various forms now allows the development of reasonable

guidelines for determining the need for bioassay sampling and analysis under

certain defined circumstances of operation.

Two groups have been active during the past year in developing guidelines for

establishing tritium bioassay standards: the Health Physics Society Subcommittee

(of the Standards Committee) on Internal Dosimetry Standards for Tritium ( }; and

a subcommittee established by the informal Radiation Safety Officers' Conferences.( }

This talk--so far representing only my own views of the situation--is a summary of

some information and ideas assembled in preparation for participation in the first

of these efforts; a documcat with a more detailed review of radiobiological and

applied health physics data may be obtained on request. I am handing out a

questionnaire to obtain a broader range of data and opinions on questions related

e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _
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to the development of standards of radiobioassay of tritium. Please fill out-

this questionnaire and send it to me to help in developing more reasonable

guidelines consistent with your own experience.

General Internal Dose Levels Requiring Monitoring

Advisory and regulatory bodies have taken very similar positions regarding

the need for monitoring radiation workers potentially exposed to external

penetrating radiation. These can be summarized, for the sake of this standard,

as the recommendation or requirement that appropriate personnel dosimeters be

worn if there is a likelihood of receiving within a calendar quarter a dose

equivalent (DE) in excess of 25% of the quarterly maximum permissible DE. For
~

a whole body exposure, as generally assumed in the case of an exposure to tritium

gas * or tritiated' water, this number is 25% of 5/4 rem, or 0.3 rem per quarter.

Thus, this DE (0.3 rem) is believed to be a reasonable guide number on

which to base the need for a bioassay program. About 3 mci of tritiated water

assimilated into the body tissue of a standard man (or 1.8 mci using an RBE of .

1.7 rather than 1)(12,14,39,84) will give this DE. This is consistent for our

purposes with the Derived Investigation Level of 1.5 mci intake, which would

deliver 0.25 rem with QgF=1.7, as recommended in ICRP 10 and 10A reports.(
}'

Probabilities of Intake

In attempting to derive the tritium activities handled, or in process, that

would have an appreciable probability of resulting in the abov'c intake (3 mci

T 0 or 11TO per quarter), one is immediately confronted with a variety of parameters
2

that affect the derivation. In many cases these parameters c,annot be estimated

satisfactorily. Moreover, the potential for a serious accidental exposure is very

difficult to assess even when all the cenditions are factored in and impossible

* Immersion doses, with the skin as the critical organ, are not considered here.
- .
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in a case only vaguely or generally defined. For these reasons, some conservatism
,

must be built into such estimates. Thus, conservative assumptions regarding

credible accidents have been used to estimate activity levels in process, together

with the experience of bionssay programs in routine operation in various instal-

lations, in order to select activity levels requiring bioassay. Some of the

experience relating activity processed to intake is given in Table 1.

Levels in Process Requiring Bioassay

The levels of operation with tritiated water above which bioassay checks

or routine evaluations have been carried out have varied considerably between

institutionc.( ) In some instances there is evidence that requirements have

been too stringent and have resulted in unnecessary costs for more analycis

than a safe surveillance program should have.( } In other cases, the lack of

a suitable bioassay program at an early date may have partly been responsible
'

for serious overexposures.(5) In one reference, levels of operation above 10
'

curies of HTO in volatile or dispersible form have been suggested to require

consideration of at least occasional bioassay whenever there was a possibility

of release and inhalation of the material in process, in a volatile or readily-

dispersible form; this 10 curie icvel was obtained partly by considering experience

with plutonium and ccaling up quantities eight orders of magnitude according to

the relative dose per unit activity inhaled.(1) However, experience has shown

that tritium as HTO can also penetrate certain protective gloves and be taken

in through the skin unless gloves are washed frequently.( ) Also, incidents with

smaller quantities of tritium have yielded measurable exposures that some insti-

tutions believe should be recorded for radiation monitoring purposes, even though

these instances are rare and the cumulative exposures are,small.

.

m
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Experience from accidental releases does indicate that the probability of
-5

intake by inhalation would generally be much less'than 10 of the material ir.

process.(9,10) Assuming protection of hands and forearms in the case of tritium,

these values from operational experience should also set a practical upper limit

to tbo fraction of tritium inhaled compared to material in process. On the other

hand, in many installations, since tritium as HTO can readily be taken up through

skin or inhaled, and the intake of only about 5 mil 11 curies could produce 1 rem

(using a QF = 1.7), routine bionssay has often been provided at this level or

below for open operations with little or no additional containment. There is

considerable cpinion that bioassay services at least on a sampling basis should

be considered at open-bench levels of operation above 10 mil 11 curies per worker

in process, and should generally be required above 100 mci in process, in order

to achieve ALARA exposures, unless the nature of the operation insures additional

containment or sufficient dilution with other process materials. Some experience
.

with concentrations of tritium diluted in large volumes is also available from the
,

author. Preliminary recommendations based on these values, and on minimum pro-

tection factors assumed for fume hoods and glove boxes,are presented in Table 2

for IITO. These values were selected to balance the apparent differences in

practice and opinion, and provide a sound basis for establishing bioassay programs.

Evidence reviewed in a supplementary document indicates that values a factor of

10 lower for tritiated nucicotide precursors, and values 1000 times higher for

2 gas in scaled containers preventing oxidation, than those in Table 2HT or T

would be appropriate for general guidance. Other compounds of tritium may be

considered to be in approximately the same radiotoxicity category as HTO. Your

comments on these suggested guidelines would be gratefully received.

.

'
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Table 1 -

"
'

EXPERIENCE WITH INTAKE OF TRITIUM FROM VARIOUS PROCESSES
,

-

.

Significant Estiented
Ouantity Average Fractional
Requiring Activity in Activity Urine- Intake of

Type of Industry Form of Protective Protection Process at Throughput Levels of Activity in

or Activity Tritium Enclosure or Bioassay One Ti,me Per Month Workers Process
(Ci) (CT) (Ci)

LUMIN0US TIMEPIECE LUMINOUS HOOD, BENCH ALL 10 14uci/l 6 x 10-6
'(Reference 17) PAIllT, COVERS PERSONNEL PER EMPLOYEE;

1.2 x 10-4 FORORGANIC
'

20 EMPLOYEESPOLYMER

LUMINDUS TIMEPIECE LUMIN0US OPEN BENCH,. ALL 10 2-3pC1/1 6 x 10-7
(USINGCLOSEDPENS) PAIrlT, MODIFIED PERSONNEL PER EMPLOYEE;-

(Reference 18) ORGAtlIC WITH LOCAL 2 x 10-6 FOR -

THREEPOLYMER EXHA.UST -

EMPLOYEES

LUMIt!0US PAINT, LUMIN0US GLOVEB0X, ALL USUALLY 10 800 10-20pCi/l 10-7 PER
MIXING POLYMER, PAINT, SINGLE PERSONNEL AT A TIME EMPLOYEE,

PHOSPHOR,-AND ORGANIC THICKNESS MAINLY ONE -

BIT; DER POLYMER RUBBER GLOVES, EMPLOYEE

(Reference 19) SEVERAL HOURS
OPERATION

LUMINOUS PAINT, GAS, HTO, NONE--CARRIED 100-150 140- 4 x 10-6 TO
RESEARCH, DEVEL- VARIOUS OUT FOR

^

'1,12QuCi/l 3 x 10-5 PER
OPMENT At:0 ORGANICS SEVERAL EMPLOYEE, TWO

PRODUCTION YEARS EMPLOYEES

(Reference 5) .

NOTE: ' Lethality produced in this case, presumably
caused in part by tritium exposure.

LUMINOUS WATCH SOLID PAINT WATCH 17 2.7pCi/l 7 x 10-7,
,

STORAGE AREA - ON TIME- CRYSTALS, gh st serve ro
P00R VENTILATION PIECES POORLY VENTI- g
(Reference 20) LATED ROOM

Continued on next page
,
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Table 1 (continued)
*'

.
'.

EXPERIENCE WITH INTAKE OF TRITIUM FROM VARIOUS PROCESSES - . . -~

,

-
.

EstimatedSignificant
Quantity Average Fractional
Requiring Activity in Activity Urine Intake of

Type of Industrf Form of Protective Protection Process at Throughput Levels of Activity in* l-

or Activity ~ Tritium Enclosure or:Bicassay One Time Per Month Workers Process

(Ci) (Ci) (Ci)- .

ACADEMIC LABORA- VARIOUS USUALLY FUME 10 mci ON MILLICURIES ABOUT 1Ci <1 uCi/l 45 x 10-6 .

TORIES HOOD OPEN BENCH; T0 1Ci OR LESS PER' EMPLOYEE

(Reference 15) ICi IN HOOD

SPILLED WITHIN' O.078 - ALL SINGLE 14uct/l ABOUT 0.01
ACADEMIC LABORA- HT0

'

HOOD: WIPES SPILLED ON INCIDENT PEAK; 100 (HIGHEST'

TORY - SPILL
(Reference 21) REliOVED FROM HOOD BENCH- MREM TOTAL OBSERVED FOR

HOOD FOR DIS- TOP DOSE INCIDENT)

POSAL; GLOVES

WORN (?)

PARTICLE . ADSORBED DISASSEMBLED SURFACES . 100-200Ci <3uCi/l 42 x 10-6

ACCELERATORS GAS AND TARGETS AND EXPOSED TO ANNUALLY PER EMPLOYEE

(References 18-20) hTO ACCELERATOR 100Ci of
PARTS GAS .

10 Ci <2f}uCi/l 410-106610 CiTRITIUM GAS GAS SPECIAL GLASS ALL TRITIUM

PROCESSING (HT'or T ) VESSELS AND WORKERS OR MORE OR MORE-
2

(Reference 25) GLOVE BOXES

REACTOR OPERATIONS HT0 . PRIMARY COOLANT >0.01Ci/Kg DEPENDS ON . <lpCi/l

(References 26,28- DILUTED IN SYSTEM EXCEPT FOR LWR'S REACTOR (LWR'S) _

31) COOLANT FOR. LEAKS >0.lCi/Kg DESIGN AND 1QuCi/l 10-3 0F CON-
FOR HEAVY OPERATION FROM 1Ci/Kg CENTRATION IN

. .

WATER >105Ci FOR IN D 0 COOLANT;,

7
REACTORS, HEAVY WATER MODERATION 10-10 0F
WITH PLASTIC REACTORS (Reference ACTIVITY IN

.

31) REACTORSUITS * -

-

OUrine levels would be 10-50 times greater without the plastic suits, which would make urine bioassay advisable at about
the same concentration level (0.01Ci/Kg) as for LWR's without protection (Ref. 31).

,

,
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HT0 Form or Compounds
other than Nucleotides*

l

'
'

Types of Operation <10 Kg* Q;10 Kg

'

PROCESSES IN OPEN ROOM OR BENCH,
WITH POSSIBLE ESCAPE OF TRITIUM 100 mci 0.01 Ci/Kg
FROM PROCESS VESSELS.

.

PROCESSES WITH POSSIBLE ESCAPE OF
,

TRITIUM, CARRIED OUT WITHIN A FUME
HOOD OF ADEQUATE DESIGN, FACE 1 Ci 0.1 Ci/Kg
VELOCITY, AND PERFORMANCE
RELIABILITY.

PROCESSES CARRIED OUT WITHIN.

GLOVEB0XES, ORDINARILY CLOSED, ,

BUT WITH POSSIBLE RELEASE OF 10 Ci 1 Ci/Kg
TRITIUM FROM PROCESS VESSELS AND
OCCASIONAL EXPOSURE TO
CONTAMINATED B0X AND B0X LEAKAGE.

.

'

*Nucleotide precursors - X0.1; HT or T2 - X1000 in closed non-reactive
systems.

.

Table 2
ACTIVITY LEVELS OR CONCENTRATIONS AB0VE WHICH BI0 ASSAY SHALL BE REQUIRED

.

.
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IN!!ALED FRACTIONS OF TOTAL ACTIVITY HANDLED (IFTAH)

Glove boxes Ventilated Non-ventilated
areas areas

SOLIDS AT AMBIENT TEMPERATURE 1 - 10 x 10-8 3 - 100 x 10 8 7 - 20 x 10-7
2 x 10-8 *

AQUE0US SOLUTIONS AT AMBIENT 2 - 50 x 10~g
TEMPERATURE

-6
ELEVATED TEMPERATURES ; 2 - 10 x 10

*IFTAH experimentally determined at Harwell.

From Franke and Hunzinger,1968.

Table 3

.
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QUESTION!! AIRE Oft FACTORS'DETERMIllIf1G REQUIREMEilTS FOR H-3 BI0 ASSAY

Please mail to:
Dr. Allen Brodsky -

Office of Standards Development
U. S. !!uclear Regulatory Commission
Washington, D. C. 20555

Telephone: (301) 443-6920-

1. List any experience below that may be helpful in judging probabilities of
intake. Attach frequency distributions of urihe samp'e concentrations or
interpreted dose where'available. Include and identify accidental single

*

intake as well as chronic exposures.

Form of tritium and type Quantity in Throughput Average Average
of process; protectivo Process for in Curies Urine or Single
facilities and equipment each worker per Year Concen- Intake

at any one tration Dose and/or
time IFTAH*

-_

.

.

2. On the back of this sheet provide any estimates available on fractional amounts
of activity in process that were taken into the body in accidental releases or
spills. Give some details of the incident in each case.

'

3. Provide a brief description of your bioassay program and procedures, including
criteria for including persons in the program and action levels. Attach any
available written description of your program or reprints that are pertinent.

4. Provide any comments on levels requiring bicassay as proposed in this paper.

Thank you.

*IFTAH = Inhaled fraction o'f total activity handled (after Franke and Hunzinger,1968)

_
__
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R Talsle 1. Inhaled Fraction of Total sfclivit.y llandicd (IFT fII)for ifaidcnts Intelcing some -

Types of Ornation
',

VenWated Nonwent.
Glove boxes

t areas areas

I
Solid compound I x 10-' (1)* 3 x 10~' (3) 7 x 10-2 (7)

' Ambient temp. I x 10-'(2) 2 x 10-' (4) 2 x 10-5 (20)y

4 x 10-' (5)
4 2 x.10-' (15)
L 1 x 10-'(19)'

I 5 x 10-' (G)
*

Aqueous sol.t

f Ambicnt temp. 4 x 10-r (8)
2 x 10-8 (9)

.ti
,

-

y -

i Elevated 7 x 10-' (10)i

1 x 10-' (11)tempeiaturesj 3 x 10-* (12).

2

2 x 10-* (13)
4 1 x 10-' (16)

i.

Numbers in bracLets denote number of accident (see appendh).
J
' *

explained by an example. Assume that the
It is obvious that this type of analysis does.

statistics yield a figure of (1 i 0.5) x 10-2 for not produce figures for the probability of an
,

the inhaled fraction in accidents during opera- accident occurring, but it can predict the conse-_

'

tions involving aqueous solutions at ambient quences in terms of dose cquivr. lent. This infor-,
-

'

temperature in a ventilated area. Assume fur-
ination should not be neg!ccred-ifit is available.

; | ;

<l lj ther that such an operation is carried out with
,

I

}* 1 10 mci ofySr, for which the dose equivalent FERENCES
to the critical organ has a value of 3.8 x 10- I* N*'?rnmendations gf the intanational Cgnwe

| | rem /Ci. Multipi>ing these three figures, as nussmn on Radiological Protection. Pubh, cations
med above, y. lds a hazard for this opera- 2 and 6, Pergamon hess, New York,1959 andex pla.

-
ie

'; ,

! tion of g gg g,'

2. A 15asic Toxicity ClassiGeadon of Radionuclides.,

11 == (4 "4- 2) X 10 -8 Technical Reports Scrics No. 15, International-

rem
[ This figure means that as a result of any Atomic Energy Acency, Vienna.19G3.

accident during an operation in these conditions 3. T. Dcn wrt,J. AI. Lut and I.. Tnonn. I'mc.;
Suond Un!!cd Nations lutanatimd Co$nnce on r!.cJ

; the operator's sLc!cton would probably acccive I'cauful Uses of.1temic Dicro, Vol. 23 (1958). '
i a dme equivalent of 40120 mrem. 4. R Z. Stoum, W. S. Sn m.n and 31. R. Fono.
I Similarly the opposite' question of the masi.'

##"I'^ #Y "''y 10, m (Ip,1).9
mum working limit of activity to be handled 5. Safe llandhng of Radioisotepes. Safety Sen,esC

can be answered. Assum.mg the same type of No. 1 International Atomic Energy Agency,*

f
operation and allowmg for an accidental dose vienna,1958.*

equivalcut of 23 rem in the following 50 years, d. Operational Accidents and Radiation Exposure'

it ibliows that the maximum amount to be Accidents, IJS AEC,1965.,

handled should be >maller than 6 Ci "Sr. 7. A. D. Tnou.ss. Personal communication.
|

.
I

1 1
- t

-m --
w y yy-,

Mw.==rg
7 9~" ' ". ? ^'

" " ' ' ~

m

er



___-_---- - - - . - - - _ - - - - - - - - - - - . - . - - _ - - - - - - - - . . - - - - - - - - - - - _ - - - - - _ - - - - - - - - _ - - - -

.
-

. .

. .

,

.

' REFERENCES
.

~

1. N. V. Steere, Ed. , " Handbook of Laboratory Safety," CRC Press,
Cleveland,1970,' pp 482-502.

2. E. Anthony Evans, " Tritium and Its Compounds," John Wiley and Sons,
New York, 1974, 822 pp.

3. A. Alan Moghissi and Melvin W. Carter, Eds. , " Tritium," Messenger
Graphics, Phoenix, Arizona, 1973, 807 pp.

4. J. H. Tolan, in P. L. Carson, W. R. Hendee and D. C. Hunt, Eds.,
" Operational Health Physics," Proceedings of the Ninth nidyear
Topical Symposium of the Health Physic: c ciety, February 9-12,
1976, Denver, Colorado, published by Central Rocky Mountain Chapter,

- Health Physics Society, P. O. Box 3229, Boulder, Colorado, 1976, 879 pp.

5. W. Seelentag, "Two Cases of Tritium Fatality," in A. A. Moghissi and
~

M. W. Carter, op. cit., pp 267-280.

6. Curtis L. Graham,. Chairman, Lawrence Livermore Laboratory, University
of California, P. O. Box 808, L.ivermore, California 94550.

7. John H. Tolan, Chairman,. Radiation Safety Office, University of Missouri,
413 Clark Hall, Columbia, Missouri 65201.

8. Walter Minder, "Interne Kontamination mit Tritium'," Strahlentherapie 137,
700-704, 1969. .

9. Th. Franke, G. Hermann, and'W. Hunzinger, "A Quantitative Estimation of ,

the Hazards Involved in Work with Radionuclides," in W. S. Snyder,
H. H. Abee, L. K. Burton, R. Maushart, A. Benco, F. Duhamel, and B. M.
Wheatley, Eds., Proceedings of the First International Congress of
Radiation Protection, Vol 2, Pergamon Press, London,1968, pp 1401-1406.

i

| 10. B. A. J. Lister, comment on page 1456 in W. S. Snyder et.al .', ibid. ; also
see pp 208-209 in E. Anthony Evans, op. cit., where an experiment is citedt

that showed less than 1 uCi of tritiated thymine and thymidine deposited
on the mask of a person processing 3 to 4 Ci of compounds that are routinely
purified by paper chromotography. This is less than 10-6 of the material
in process, and consistent with the survey of accidental intakes reported

I by Franke, et.al., Reference 7. ,

'

| 11. ICRP Committee II Report, International Commission on Radiological Protec-
tion, Report of Committee II on Permissible Dose for Internal Radiation'

(1959), Health Physics 3, June 1960.

12. ICRP Publication 10, Report of Committee IV on Eval' ation of Radiationu ,
'

Doses to Body Tissues from Internal Contamination Due to Occupational
! Exposure, Recommendations of the International Commission on Radiological
,

Protection, Pergamon Press, London, 1968, 94 pp

. .

.

--_



. -
+

. ,

' '

. .. . . .
, ,

. .

. . .

13. Orval L. Olson, unpublished data, Radiation Safety Office, University of
- Missouri, Columbia, Missouri. 65201, 1975.

~

14. ICRP Publication 10 A, "The Assessment of Internal Contamination Resulting-

from Recurrent or Prolonged Uptakes," a report of ICRP Committee 4
adopted by the Commission in April 1969, Pergamon Press, 1971, 34 pp.'

15. Orval L. Olson, "A Determination of Criteria for a Bioassay Program," in
P. L. Carson, et.al. , " Operational Health Physics," 1976, op. cit. , pp 600-605.

.

16. E. Anthony Evans, ,op. cit., pp 190-210. .*

,

17. A. A. Moghissi, E. D. Toerber, J. E. Regnier, M. W. Carter, and C. D.
'

Posey, " Health Physics Aspects of Tritium Luminous Dial Painting," Health
Phys. 1f,, 255-261, 1970.8

.

18. F. J. Bradley, llew York State Department of Labor, Division of Industrial-

Hygiene, New York, N.Y.10013, private comunication,1976.
.

19. Warren Holm, Raditm Chemical Company, New York, N.Y. , private communication,
1976.

20. F. J. Bradicy, R. Blais, and A. Jones, " Impact of Tritium on the Watch~

Industry," 1966-70," Radiological Health Da'a and Reports 12, 601-610, 1971.

21. Orval L. Olson, talk presented at the Fifth Biennial Conference of Campus*

Radiation Safety Officers, unpublished,1975.

22. L. R. Jacobi, Jr. .and R. D. lleff, " Production of Radioactive Gases in Air
by Medium Energy Charged-Particle Beams," in P. L. Carson, et.al. ,
" Operational Health Physics," op. cit. , pp 462-467.

;

23. M. J. Engelke, " Operational Health Physics at the Los Alamos Meson Physics
Proton Accelerator," in P. L. Carson, et.al, oo. cit. , pp 450-456.

24. P. M. DeLuca, R. P. Torti, G. M. Chencvert, J. R. Tesmer, and C. A. Kelsey,
" Radiation Protection Aspects of a High Flux, Fast fleutron Generator,"

.
- in P. L. Carson, et.al, on. cit. , pp 480-485.

25. William J. S'ilver and Melton H. Chew, " Health Physics Aspects of Tritium;

Control at the Lavirence Radiation Laboratory, Livermore," in Charles A.
Willis and John S. Handloser, Eds. , Health Physics Operational Monitoring,'

Vol.1, Gordon and Breach, llew York,1972, pp 265-284.'
,

26. Roscoe M. Hall, Savannah River Plant, E. I. duPont de Nemours and Co.,
Aiken, S. Carolina 29801, 1976. ,

'

27. Don 0. Coffin, "Some Second Thoughts on Tritium Contamination," Health
Phys. 13., 1083-1086, 1967.

28. Michael Curing and John Romansky, Three Mile Island Nuclear Station,
Metropolitan Edisen Co. , Reading, Pa. , private communication,1976.

,

~

L



. _ . _ _ _ _ . . .
,

_

*

.i. ..,

. .

.
,

.

. .
.

.- .
.' ...

, - .

'

29. J. Locante and D. D. Malinowski, "Tritiurn in Pressurized Water Reactors,"
in A. A. Moghissi and M. W. Carter, op. cit. , pp 45-56; also J. M. Smith
and R. S. Gilbert, " Tritium Experience in Boiling Water Reactors," in
A. A. Moghissi and M. W. Carter, op. cit., pp 57-58; also, Henry Buchanan,'

Yankee Atomic Electric Co., Westboro, Mass. 01581, private communication,
.

1976. .

*
.

30. Robert M. Boyd, Nuclear Research Center, Georgia Institute of * : chnology,
Atlanta, Ga. , private communication,1976.-

.. ~

31. Wayne Steeves and Chris Bieber, personal communication, Pickering
.

Generating Station, P. O. Box 175, Pickering, Ontario,1976.

32. Wesley L. Holley, "Sandia Laboratories' Proposed Electron Beam Fusion
Facility and Related Potential Operational liealth Physics Problems," in

.

P. L. Carson, et.al, op. cit. , pp 475-479.

33. K. E. Shank, C. E. Easterly, and R. L. Shoup, " Occupational Health Physics
at a Fusion Reactor," in P. L. Carson, et.al, op. cit., pp 489-493.

34. H. R. Bus; . " Assessing and Controlling the Hazard from Tritiated Water,"
AECL-4150, 1972. ,

35. U. S. Snyder, B. R. Fish, S. R. Bernard, M. R.' Ford, and J. R. Muir,
Phys. Med. Biol. M , 547, 1968.

36. S. M. Sanders, Jr. and W. C. Reinig, " Assessment of Tritium in Man,'"
in " Diagnosis and Treatment of Deposited Radionuclides," oroceedings of
a symposium at Richland, Washington, Excerpta Medica Found.,1969, pp 534-542.:

'

37. A. A. Moghissi, M. W. Carter and R. Liebennan, "Long T' enn Evaluation of.j
.

; the Biological Half-Life of Tritium," Ifealth Phys. 2_1., 57-60, 1971.*

38. A. A. Moghissi, M. W. Carter and E. W. Bretthauer, "Further Studies on
| the' Long-Term Evaluation of the Biological llalf-Life of Tritium," Health

Phys. E , 805, 1972.
'

39,11. J.' Dunster, " Progress Report from ICRP," Health Physics ,17, 389,1969.

| 40. H. A. Johnson, "The Quality Factor for Tritium Radiation," in Moghissi4

and Carter, op. cit., pp 231-239.
-

'

41 Y. I. Moskalev, V. F. 7.huravlev, A. G. Istomina, I. K. Petrovich, and
D. A. Kazbekova, " Relative Biological Effectiveness of Tritium," in
Moghissi and Carter, op. cit., pp 240-244.

-
.

42. E. J. Hall, R. Oliver, and J. S. Bedford, "The Relative Biological
Effectiveness of Tritium Beta Particles Compared to Gamma Radiation--Its

|
Dependence on Dose Rate," Brit. J. Radiol. 40,,.704-710, 1967.!

i .

-
. . -.

- - . _ , - _ .



-

. . o.-
.

,

*

.

. .

. . .
-

.

,

i.

43. J. S. Robertson, " Tritium Turnover Rates in Mammals," 'in Moghissi and-
Carter, op. cit. , pp 322-32.'. -

44. A. A. Moghissi, R. G. Patzer, ani M. W. Carter, " Biokinetics of Environ-
mental Tritium," in Moghissi and Carter, op. cit. , pp 314-321.

45. ICRP Publication 10, op. cit. , pp 29-30. . ,
- -

46. E. C. Anderson and W. Langham, "A Theoretical Consideration of the-

Hazards Associated with Acute Exposure to High Concentrations of Tritium
Gas," Los Alamos Scientific Lab, Rep. LA-1646, Feb.1954.

'

47. W. S. Snyder, M. J. Cook, L. R. Karhauser, E. S. Nasset, G. Parry
Howells, and I. H. Tipton, " Report of the Task Group on Reference Man,"
ICRP Report No. 23, prepared by a task group of Committee 2 of the
International Commission on Radiologi al Protection, Pergamon Press,1975,
p-346.

48. E. A. Pinson and E. C. Anderson, "The Body Absorption, Distribution, and *

Excretion of Tritium in Man and Animals," Los Alamos Scientific Lab,
Rep. LA-1218, Mar.1951.

:
49. E. A. Pinson and W. H. L'angham, " Physiology and Toxicology of Tritium in

llan," J. Appl. Physiol. 10,, 108-126, 1957.
.

50. R. C. Weast, " Handbook of Chemistry and Physics," 55th Ed. , CRC Press,
Cleveland, 1974, p B94.

51. C. A. Tobias, H. B. Jones, J. H. Lawrence, and J. G. Hamilton, J. Clin.
Invest. 28, 1375, 1949.

,

52. D. G. Jacobs, " Sources of Tritium and Its Behavior Upon Release to the
Environment," TID-24635, AEC Critical Revicui Series, HBS-CPSTI,

:

; Springfield, Va. 22151, 1968, p 7.
!

53. R. M. Standeven, and D. A. Clarke, Brit. J. Radiol . 0, 48, 1967.

| 54. B. E. Lambert and R. J. Clifton, Brit. J. Radiol . 4_0, 56, 1967.

-55.11. A. Shaw, private communication quoted in J. Vennart, Health Phys.16,
-

-

. 429, 1969. -

56. J. S. Mitchell, E. A. King, D. H. Marrian, and 3. Chipperfield, Acta
Radiol. (New Series) 1,321,1963.

57. Charles B. Killian, New England Nuclear Corp, private communicaticn,1976.

| 58. L. D. Samuels, W. E. Kisiele ski, and R. Bascrga, Atompraxjr 10_, 144, 1964.
1

59. R. Oliver and L. G. Lajtha, Nature 186,'91, 1960.
.

-
. .



- --

_ . . . . __ _

'
*

'. , ..
,

-
.

'

i
. .

,

..

.

..

R. J. Berry, R. Oliver, and A. B. Reiskin, Health Phys. ,1_2,,1451,1966.2
60.

61. L. Wade, Jr. and E. I. Shaw, Radiat. Res, g, 403-415, 1970.

62. W. G. Van de Riet and E. I. Shaw, Radiat.,Res. M , 416-428, 1970. ,

63. D. E. Barber, " Maximum Permissible Concentrations for Tritiated Water
and Tritiated Thymidine," Am. Indust. !!ygiene J. 30_, 514-518, 1969.'

W. C. Dewey, R. M. Humphrey, and B. A. Jones, " Comparison of Tritiated64.
Thymidine, Tritiated Water, and Cobalt-60 Gamma Rays in Inducing Chromo-
somal Aberrations," Radiat. Res. 24_, 214, 1965.

A. Brodsky, "Deternining Industrial Hygiene Requirements for Installations'

65.-

Using Radioactive liaterials," Am. Indust. Hygiene J. 26, 294-310, 1965.

66. W. R. Guild, Science 128, 1308, 1958.

67. W. C. Dewey, R. M. Humphrey, and A. Jones, Radiat. Res. ,19_,187,1963.
.

68. B. E. Lahlbert, "The Biological Effect of Certain Tritium-Labelled Comoounds
Related to Dose," in A. A. Moghissi and M. W. Carter, op. cit. , p 219,

B. E. Lambert, " Cytological Damage Produced in the Mouse Testes by69.
Tritiated Thymidine, Tritiated Water, and X-Rays," Health Phys. ,1J_, 547
1969.

70. B. E. Lambert an'd R. J. Clifton, " Radiation Doses Resulting fram the
Ingestion of Tritiated Thymidine by the Rat," Health Phys. ,15,, 3,1968.

71. L. D. Samuels and W. E. Kisieleski, Radiat. Res. ,18, 620-632,1963.*

?'

72. K. H.. Garder and F. Devik, Int. J. Radiat. Biol.

G. Gerber, G. Gerber, and K. E. Attman, "The Catabolism of Tissue Nucleic73.
Acid in the Mouse," J. Biol. Chem. 235, 1433-1435, 1960.

-

74. M. Stroun, P. Charles, P. Anker, and S. R. Pelc, " Metabolic DNA in Heart
and Skeletal Muscle and in the Intestines of Mice," Nature 216, 716-717,'

1967.

75. S. R. Pelc, " Labelling of DNA and Cell Division in So-Called Non, dividing
Tissues," J. Cell Biol. 22_, 21-28, 1964.

3
76. V. P. Bond and L. E. Feinendegen, " Intranuclear H-thymidine: Dosimetric,

Radiobiological, and Radiation Protection Aspects," IIcalth Phys.12,,
1007-1020, 1966.

E. P. Cronkite, J. S. Robertson, and L. E. Feinendegen, " Somatic and*77.
Teratogenir. Ef fects of Tritium" in A. A. Moghissi and M.U. Carter, op. cit. ,

-

pp 198-209.
.

L. %



... . - .

~ * .

. , ,

* .

' .
.

. .

.

78. L. E. Feinendegen and V. P. Bond, " Transmutation Versus Beta Irradiation '

- in the Pathological Effects of Tritium Decay," in A. A. Moghissi and
M. W. Carter, op. cit. , pp 221-231.

- 79. S. Person, " Lethal and Mutagenic Effects of Tritium Decay Produced by
Tritiated Compounds Incorporated into Bacteria and Bacteriophages," in
" Biological Effects of Transmutation and Decay of Incorporated Radio-
isotopes," proceedings of a panel, IAEA, Vienna, October 9-13, 1967,.

'

pp 29-64.
.

80. M. C. Colvin and J. M. Everts, " Chromosomal Changes in Chinese llamster
Cells Following Cutaneous Exposure to Tritiated Luminous Compounds," in
A. A. Moghissi and M. W. Carter, op. cit., pp 281-284.

81. D. J. Mewissen and J. H. Rust, " Tumor Incidence in C57 Black /6 " ice
Treated with Tritiated Thymidine," in A. A. Moghissi and M. W. Carter,

.

op. cit., pp 252-267.

82. 11. Ligco, R. Baserga, and W. E. Kisieleski, " Induction of Tumors in Mice
-

with #11-Thymidine,"Itature 192, 571, 1961.

83. H. A. Johnson and E. P. Cronkite, "The Effect of Tritiated Thymidine
3_0, 488-496, 1967.on Mortality and Tumor Incidence in Mice," Rad. Res. 0

84. R. V. Osborne, " Permissible Levels of Tritium in Man and the Environment,"
Rad. Res. 50, 197-211, 1972.

IO
85. J. Vennart, "Radiotoxicology of Tritium and C Compounds," llealth Phys.

1,6, 429-440, 1969.6

86. W. E. Davis and L. J. Cole, Rad. Res. .14, 104, 1961.

87. 11. Cottier, E. P. Cronkite, E. A. Tonna, and 0. Nielson, " Leukemogenic
Effect of Whole Body Cobalt-60 -Irradiation Compared with Tritiated
Thymidine and Cytidine. Preliminary Report on the Development of Thyoic
Lymphomas in C57BL/6j Mice," Proc. of Sym. on Cellular Basis and

. Etiology of Late Somatic Effects of Ionization Radiation, Academic Press,
London, 1962, pp 27-34.

88. R. Baserga,11. Lisco, and W. Vsisieleski, "Further Observations on
Induction of Tumors in Mice with Radioactive Thymidine," Proc. Soc.*

Exptl. Biol. Med. 110, 687-690, 1962.

89. R. Bascrga,11. Lisco, and W. Kisieleski, " Tumor Induction in Mice by
Radioactive. Thymidine," Rad. Res. 29;, 583-596, 1966.

90. G. N. Stradling, " Design and Implementation of Biological Monitoring
Programs for Tritium," in STI/ PUB /290, IAEA, Assessment of Radioactivity
in Man, IAEA, Vienna, 1972, pp 385-402.

91. G. C. Butler, " Retention and Excretion Equations for Different Patterns
of Uptake," in STI/ PUB /290, IAEA. ibid, pp 495-507.

E -~



r
-

-
.

".. .

..

,

*

.

.

-

..
.

"

A. A. Moghissi and M. W. Carter, "Public licalth Implications of92.
Radioluminous Materials," DHEW Publication (FDA) 76-30D1, Bureau of

~

Radiological Health, Food and Drug-Administration, D!!EW (prepared by
'

the Office of Interdisciplinary Programs, Georgia Institute of Tech-
nology, Atlanta, Ga, 30332), July 1975, p 14. ,

93. S. Schmier and G. Kistner, " Proposed Selection Criteria for Monitoring
the Incorporation of Radioactive Substances in Occupationally Exposed-

Persons," in STI/ PUB /290, IAEA, op. cit., pp 59-63.
.

~

.94. R. F. Barker, Isotopics 6. (1), p 10,1956.
,

95. C.11. . Wang, R. A. Adams, and W. K. Bear, " Advances in Tracer Methodology,"
in S. Rothchild, Ed., Plenum Press, N.Y., 1965, p 303.

96. D. R. Ward, " Laboratory PL.nning for Chemistry and Chemical' Engineering,"
.

11. F. Lewis, Ed. , Reinhols Pub. Co. , N.Y. ,1962, p 156.
,

97. P. C. Tompkins and H. A. Levy, Ind. Engng. Chem. 41, p 228, 1949.

" Design and Construction of Laboratory Buildings," Analyt. Chem. 34,(10)
'

98.
25A,-1962.

'

99. D. Ilughes, Cher.ly Brit. 4, 63,1968; also 8,, 288,1972.

100. D. Ilughes and R. Cullingworth, Chemy Brit. 8_, 470, 1972.
.

,- 101. 11. L. Butler and R. W. . Van Wyck, " Integrity of Vinyl Plastic Suits in'

! Tritium Atmospheres," llealth Phys. 2,, 195-198,_1959.
,

102. T. H. Franke and W. liunzinger, " Statistical Investigation into Amounts *

of Radionuclides Accidentally Inhaled," in Diagnosis and Treatment of
Deposited Radionuclides _,11. A. .Kornberg and W. D. Norwood, Eds. ,*

Excerpta Medica Foundation, 1968, pp. 457-459.
,

! .

.

.

.

!

! -

..

t

*

i
'

.

* e y

%


